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SUMMARY  
 
Various organisations are working to improve the living conditions of informal settlement and 
move them into the formal system. UN-HABITAT is one of the organisations working for the 
Habitat Agenda and has launched a pro-poor land management concept to improve the lives 
of slum dwellers through a flexible approach. City authorities generally consider slum or 
informal settlement as illegal.  There is a general lack of reliable information necessary for 
planning and policy formulation required for upgrading and regularisation of these areas. 
Spatial data infrastructure (SDI) is critical to planning and decision making for pro-poor land 
management. However, the conventional spatial data infrastructure (SDI) concept is 
inadequate for informal settlement upgrading and regularisation. Therefore it is important to 
explore an appropriate SDI to accommodate new forms of legal evidence, utilisation of new 
technologies and open spatial information services.  
 
The aim of this paper is to explore a SDI model for pro-poor land management in developing 
countries. In this context, a case study methodology has been adopted. Two cities Kathmandu 
Valley, Nepal and Allahabad, India are selected for the study. In both of the cities, the 
informal settlers live without tenure rights, in very poor conditions, and mostly occupy public 
land. A model of spatial data infrastructure for pro-poor land management has been suggested 
and its characteristics are described. 
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1. INTRODUCTION 
 
Informal settlements are common features of urban growth in most developing countries 
(Zeilhofera and Topanotti, 2008) and are typically the product of an urgent need for shelter by 
the urban poor. Rapid urbanization, inefficient land administration and inadequate capability 
to cope with the housing needs of people in urban areas have contributed to the development 
of informal settlements(UNECE, 2009). According to Homeless International (2005), there 
are about 900 million people or 32% of the world’s urban population living in slums with 
43% percent of slum population clustered in developing countries. This is projected to rise to 
1.4 billion by 2020 (UN-HABITAT, 2006). World-wide, around 2.8 billion people currently 
live in cities. By 2007, more people will live in cities than in rural areas (McLaren et al., 
2005). Most of the developing countries experience a massive migration from rural areas to 
cities where the majority of the new urban dwellers settle in non-regularised areas, often in 
locations that are exposed to natural hazards (such as land slides and flooding) and to ill 
health, illiteracy and unemployment. They thus remain in poverty. Lack of secure tenure 
discourages residents from improving conditions through investment in their houses and in 
common services such as water, sewerage, roads, etc. Land tenure in these types of settlement 
is informal, and does not provide adequate security for the residents. Since these settlements 
are not part of the formal land management system there is also a lack of reliable information 
necessary for planning and policy formulation for upgrading and regularisation of the areas 
(Nordin, 2004).  
 
The issues related to informal settlement is of global concern, as clearly stated in the year 
2000 United Nations Millennium Declaration. The Millennium Development Goal 7, Target 
11, aims to significantly improve the lives of at least 100 million slum dwellers by the year 
2020 (UN-HABITAT, 2003).   The problem of informal settlements is a very serious issue for 
developing countries.  As in other developing countries, the issue of slum dwellers is one of 
the main concerns for the Governments of Nepal and India. Lack of secure property rights in 
the occupied lands inhibits investments in housing, sustainable food production and access to 
credit. In Nepal, 30381 people were identified as landless family and 41035 were identified as 
informal settlements (Landlessness Solution High Level Commission, 2000).  Whilst 
approximately, 61.8 million urban dwellers live without tenure rights in very poor condition 
on public land (COI, 2001).  
 
Traditionally, cadastral systems have supplied spatial information for land administration and 
land management. However, most publically available land information only relates to the 
formal parts of the city areas and does not cover the entire city areas which include informal 
settlements. Various researchers (Fourie, 2001, Fourie et al., 2002, Molen, 2005) argue that 
the conventional spatial data infrastructure (SDI) concept is inadequate for informal 
settlement upgrading and regularisation and suggest the exploration of new and appropriate 
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forms of legal evidence for tenure security in cities for urban development as well as 
management. In addition to the cadastre, there are many forms of spatial information available 
which are useful for informal settlement regularisation and upgrading. However, many new 
forms of spatial information and technology are not recognised nor accepted by the municipal 
authorities. This paper explores the role of spatial data infrastructure to assist in pro-poor land 
management.   
 
2. PRO-POOR LAND MANAGEMENT AND SPATIAL DATA INFRASTRUCTURE 
(SDI) 
 
Land management is the process by which the resources of land are put into good effect (UN-
ECE, 1996). Land management encompasses all activities associated with the management of 
land and natural resources that are required to achieve sustainable development. The concept 
of land includes properties and natural resources and thereby encompasses the total natural 
and build environment (Enemark, 2005). The concept of pro-poor land management 
originates from United Nations Human Settlements Program (UN-HABITAT). According to 
UN-HABITAT (2004) the pro-poor land management has the following characteristics: 
 
– The development of an appropriate and flexible form of tenure 
– A participatory planning approach for informal land delivery processes 
– Links to services to increase community capacity for sustainability 
– A decentralised land administration system that uses local capital and is in 
partnership with local authorities 
– Local land information systems that are transparent and close to civil society and 
the poor who require the information for decisions making regarding their land 
– A cost recovery approach or self reliance 
 
Spatial data and infrastructure play an important role in land management. Spatial data 
infrastructure is a dynamic, hierarchical and multi-disciplinary concept that encompasses 
policies, organizational remits, data, technologies, standards, delivery mechanism and human 
resources dimensions. The spatial data infrastructure is being proposed as an enabling 
platform to improve, access, sharing and to integrate spatial data and services (Rajabifard, 
2007). SDI can also viewed as a portal where each stakeholders can access, use, and exchange 
spatial data for social, economic and environmental well-being (Feeney et al., 2001, 
McDougall, 2006). However, the traditional approaches of SDI development rely largely on 
government agencies and formal land administration and management which do not 
adequately support to the informal arrangements of the poor with respect to land management. 
The advent of spatial technology and open models for spatial information services provide 
grass-root citizens and community groups the ability to participate and use spatial data for 
their own purposes. The application of open and user generated information may provide a 
new approach for pro-poor land management.  
 
3. OVERVIEW OF LAND ADMINISTRATION IN NEPAL AND INDIA 
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In Nepal, three types of land tenure primarily exist, being Raikar, Guthi and informal 
(Paudyal, 2006). The Raikar is state ownership and allows the land owners to use, inherit, sell 
and pay tax. Raikar land can further be classified into private lands, public lands and 
government lands.   Trust institutions hold the ownership rights on Guthi lands, but the rights 
of use can be alienated to individuals under the conditions imposed by trust institutions.   The 
informal land tenure system continues as the number of informal setters increases daily. In 
Kathmandu Valley alone, there are 64 settlements, 2844 households and 13243 landless 
people (sukumbashi) (Kantipur, 2008). Some informal settlers have prepared separate 
maps/plans showing the occupancy of these settlements.  It is important for governments to 
recognise the non-formal land tenure and bring it into the formal land tenure framework. 
There is a need to formulate land policy and a legal framework that accords property rights to 
informal settlers and gives them a life of dignity. 
 
Many institutions are involved in land administration and management activities in Nepal 
(See Figure 1). The Survey Department is responsible for cadastral mapping and Department 
of Land Management is responsible for land registration. Both the departments maintain land 
records (cadastral maps and ownership records) at their district offices. Department of Land 
Information and Archive is responsible for building the land information system and technical 
support to land administration activities.  Municipalities are responsible for land tax and 
protection of public land. Cadastral maps, field book, land ownership certificates, file maps, 
land subdivision register are the main components of Nepalese cadastre. Graphical cadastral 
maps are the basis for formal land administration activities. Deed registration system is used 
for land registration (Survey Department, 2003). The cadastral surveying of whole country 
has been completed and re-surveying of selected districts is on-going. Some of the informal 
settlements have surveyed and prepared maps via a community program. 
 
 
 
 
Figure 1: Agencies involved for land administration in Nepal 
 
 
In India, statutory tenure is the primary land tenure system and has two forms of rights to the 
land. The first one is the right of disposal of the land. The second one is right to use the land. 
The owner has the right to decide whether to sell, lease, bequeath, lend or give away a piece 
of land. It is similar to the freehold system where the occupant has the right to use the land. A 
tenant has no right of disposal over their land but can only use it, similar to leasehold tenure. 
The formal tenure system is heavily influenced by colonial administration (British Common 
Law) and does not address the informal land tenure (World Bank, 2007).  
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There are a number of governmental and non-governmental organizations that are directly or 
indirectly involved in land management. The institutional arrangement for land administration 
and management varies from state to state. However, the structure of land administration in 
any Indian state comprises of five main institutions (See Figure 2). The Land Revenue 
Department maintains the textual database for land records as well as tax registers. The 
Survey and Settlement Department is responsible for maintaining spatial data, mapping and 
demarcating boundaries, and executing surveys for sub-division on demand (Survey of India, 
2003). In many states, it is now integrated with the Revenue Department. The Department of 
Stamps and Registration is responsible for registering deeds and for collecting the stamp duty 
due on these transactions. Local Authorities (Municipal corporations or panchayats) maintain 
property tax register and in some cases also maps, layout plans, or city surveys in areas that 
have not covered by original surveys (World Bank, 2007). National Informatics Centre (NIC) 
provides technical support in Geo-ICT sector and responsible to maintain digital land records 
(Bhulekh) portal. The scheme of computerisation of lands records (CLR) is a centrally 
sponsored scheme of the Government of India and was initiated in 1988-89.   
 
 
 
 
Figure 2: Agencies involved for land administration in India 
 
 
4.  CASE STUDY AND DATA COLLECTION 
 
The study area for this research covers two regions namely the Kathmandu Valley in Nepal 
and Allahabad City in India. A brief profile of both case study areas is described in the 
following section. Field studies consist of 10 informal settlements areas in Kathmandu Valley 
and 15 informal settlements areas in Allahabad. Interview and field observations were the 
methods for data collection. 
 
4.1 Kathmandu Valley (Nepal) 
 
Kathmandu Valley comprises of five municipalities (Kathmandu, Lalitpur, Bhaktapur, 
Kirtipur and Thimi) with a population of about 1.5 million people or around 220,000 
households. One-third of its residents live in slum dwellings and 18,000 people are squatting 
in informal settlements (without land rights) (3CD, 2005). The Kathmandu Valley is the 
political, administrative and economic centre of Nepal and hence has become a favourite 
destination for migration of the rural population.  
 
Informal settlements are rapidly increasing in the Kathmandu Valley. Figure 3 illustrates the 
growth in informal settlement development in the Kathmandu Valley over the last three 
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decades. In most cases, settlements occupy government and public lands, especially areas 
around the river banks. This places tremendous pressure on the limited infrastructure and 
causes environmental degradation as well as social and economic problems in this area.  
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Figure 3: Informal Settlement Development 
   
It was found from the field study in the Kathmandu Valley that the informal settlements have 
the following characteristics: 
 
– Are multi-cultural communities; 
– Involve of  political groups who have vested interests; 
– Poor economic conditions – can neither pay rent for proper housing nor can afford 
to buy a house; 
– Inability on the part of the local administration to prevent encroachment of 
government-owned land; 
– Migration from rural areas in search of livelihood as urban areas provide 
commercial and industrial set-up offering greater employment opportunities; and 
– Preference to occupy river banks and public land. 
 
Many informal settlements have their local name and own administrative division. It is quite 
interesting that they have assumed their own separate administrative unit from the 
municipality including their own rules and regulations to govern the community. Often 
settlements do not getting sufficient water to fulfil their water demands and are without 
sewerage facilities which mean that people dispose of household waste water and solid wastes 
directly into open drains which adversely affects the physical environment. Many houses are 
made of bamboo and mud and the living space inside the house is generally insufficient for 
the number of occupants. The local communities sometimes run their own schools, public 
health centres and temples. NGOs and local community share the running costs and although 
they are of a low quality, the settlers are very happy to get these facilities in their locality. The 
settlers also manage funds for the maintenance of basic services.  
 
The informal settlers comprise of both people who have access to land in other areas of the 
country eg. rural areas, and people who do not have access to land (landless or Sukumbasi).  
Both groups are generally very poor, however the landless people are often the poorest 
communities.  The settlers occupy government land, forestland or public land illegally. The 
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settlements are unplanned and often not serviced and can be found on marginal or 
environmentally hazardous land. 
 
The informal settlements in Nepal are relatively recent with most of the settlements in 
Kathmandu Valley formed within last two decades.  The Nepalese government has adopted a 
national approach to address the challenges of informal settlements through the formation of a 
high-level commission. The major policy interventions include (a) legalisation; (b) 
regularisation and upgrading; and (c) resettlement and reallocation. For all three policy 
interventions, cadastral maps and land registry data are essential in supporting decision 
making. However, the lack of accurate and reliable spatial information has limited the 
effectiveness of these interventions. 
 
The landlessness problems and informal settlement regularisation always gets high political 
priority by the ruling government in Nepal. However, the implementation side is often 
difficult and complex. One of the main limitations faced by the government is the availability, 
reliability and accessibility of land information. From the case study, we found that most of 
the settlers have occupied vacant public land/government land. On the cadastral maps, the 
areas are shown as a governmental or public land e.g. river, road, recreational area etc. 
However, in field, there is a large informal settlement which has not been recorded on the 
government documents.  
 
4.2 Allahabad City (India) 
 
Allahabad city is an important centre of education and business, and one of the least 
industrialized and least polluted cities in east Uttar Pradesh (UP), India. It is located in 
alluvial plains of the Rivers Ganga and Yamuna.  According to the categorisation by the 
Census of India (CoI), the city of Allahabad is composed of three regions namely the 
Municipal Corporation of Allahabad (MCA), the city outer growth (OT) and the Allahabad 
Cantonment (CB). The municipal area of the city covers approximately 82 km2 areas and has 
a population of around 975,000 people (AMC, 2006).  The urban poor population in 
Allahabad is almost 1/3 of the total population and the rapid growth of informal settlements 
has contributed to social and environmental problems in the urban area. 
 
A large number of informal settlements are clustered along riverbeds, in the core of the old 
city, in the cantonment area and other environmentally sensitive areas. A survey carried out 
by Oxfam (India) Trust in 2005 suggested that there were around 283 informal settlements in 
Allahabad with a population of approximately 363,000 people. This constitutes 30% of the 
total population of the city. However, as per the governmental record (COI, 2001), only about 
15% of city’s population lives as informal settlers.  
 
The informal settlement of Allahabad can be categorised into three types: Authorised Slums, 
Unauthorised Slums and Urban Villages. According to the record of Oxfam (India) Trust, out 
of the total 283 informal settlements, about 131 were authorised informal settlement areas and 
152 were unauthorised settlement areas (including 40 urban villages). 
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It was found from the field study that the Allahabad city informal settlements have the 
following characteristics: 
 
– Desire of people to live close to one's own community; 
– Involvement of religious or political groups who have vested interests; 
– Poor economic conditions – can neither pay rent for proper housing nor can afford 
to buy a house; 
– Inability on the part of the local administration to prevent encroachment of 
government-owned land; 
– Migration from rural areas in search of livelihood as urban areas provide 
commercial and industrial set-up offering greater employment opportunities; and 
– Occupy environmentally hazard areas. 
 
In Allahabad city, only about 25-30% of informal settlements (authorised or unauthorised) 
have individual water supply connections and other 70-75% of people are dependent either on 
the public stand post and hand pumps or do not have access to the potable water or municipal 
water. Mostly, the settlements are without sewerage which adversely affects the physical 
environment. The informal settlements in Allahabad city are old and well accepted by the 
local community.  
 
A three tier government structure exists in India with the central government responsible for 
overall policy formulation. Land matters are the responsibility of the state government whilst 
local government is responsible for the implementation of land policies (Banerjee, 2002). The 
Slum Urban Development Authority (SUDA) is responsible for the overall development of 
the informal settlements through of Community Development Centres (CDC). The District 
Urban Development Authority (DUDA) is responsible for implementing plans prepared by 
SUDA and field works relating to informal settlement development. 
 
The four major types of policy interventions for informal settlement development in 
Allahabad city include (a) legalisation; (b) regularisation and upgrading; (c) the development 
of alternative housing systems; and (d) resettlement and reallocation. For all four policy 
interventions, cadastral maps and land registry data are commonly required. Jawaharlal Nehru 
National Urban Renewal Mission (JNNURM) is a national programme which focuses on 
providing basic services and other civic amenities for the urban poor through integrated 
settlement development. This national programme has the goal of introducing e-governance 
services in Urban Local Bodies (ULBs) using information technology applications like GIS, 
MIS etc. for various services provided by ULBs. However, the spatial coverage, 
completeness, accuracy, quality and reliability of spatial information are lacking.  
 
 
5.  THE ROLE OF SPATIAL DATA INFRASTRUCTURE FOR PRO-POOR LAND 
MANAGEMENT 
 
5.1 Land Information Systems in Nepal and India 
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In Nepal, the digital cadastral data forms the basis for development of a land information 
system and local spatial data infrastructure. In Kathmandu Valley, the cadastral maps are geo-
referenced with national geodetic framework. The Nepalese Government has initiated the 
computerisation of land records since 1993. In 2000, the Council of Ministers decided to 
establish a new department called the Department of Land Information and Archiving 
(DoLIA). The district wise development of land information system has begun. In 
resurveying, the informal settlement areas are mapped as a block parcel. Within that block 
some community members have prepared separate maps showing the occupancy of informal 
settlers though these maps remain in the informal domain. This information could be utilised 
to build a SDI for pro-poor management.  
 
In 2008, Government of India initiated the National Land Records Modernization Programme 
(NLRMP) to build spatial data infrastructure based on satellite imagery/aerial photography, 
Survey of India/ Forest Survey of India maps, and revenue records (cadastral maps and right 
of records). It aims to prepare digital cadastral database of whole country and improve the 
connectivity amongst the land records and registration offices and land records management 
centres. The awareness for the building spatial data infrastructure for land management has 
been initiated but its development is the responsibility of state government and not the local 
municipalities (Department of Land Resources, 2008). In Allahabad, the computerisation of 
land records has been initiated by NIC-Allahabad. Although, the attribute information about 
the use, value and ownership of land parcel has been stored in a digital database, the cadastral 
maps are in analogue format and have not yet been connected to the national geodetic 
reference system.  
 
In both of these countries, there is both top-down as well a bottom-up approach for building 
spatial data infrastructure. Government of Nepal has initiated the National Geographical 
Information Infrastructure programme (NGIIP) for building NSDI since 2002 and 
Government of India has initiated building NSDI since 2001. In both of the countries, the 
NSDI portal is operational and with the recognition that spatial information is a national 
resource and citizens, society, private enterprise and government have a right to access it, 
appropriately.  
 
 
5.2 Building SDI for Pro-Poor Land Management 
 
Based on the case studies examined, it is evident that the existing concept of SDI does easily 
address pro-poor land management. Conventional cadastral and spatial information 
approaches also provide limited support for informal settlement regulation. The traditional 
data custodianship and institutional arrangement are not relevant in this case as the existence 
of rights and responsibilities do not exist. However, there are possibilities for of achieving 
improvements in providing good spatial information in the public domain.  
 
High resolution satellite imagery has the potential to provide a significant and valuable 
contribution to identifying and mapping the spread of informal settlements.  The imagery, 
once it is accurately geo-referenced, provides both a rich and useful source of high quality 
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spatial information. Through open portals such as Google Earth, OpenStreetMap 
(www.openstreetmap.org) and Wikimapia (www.wikimapia.org) there is the opportunity for 
NGOs and the informal settlers to become the custodians of the spatial data.  If governments 
are not prepared to recognise the tenure of these informal settlements then it will be the 
residents that may look to control their destiny. Therefore, an appropriate SDI should be 
explored which may accommodate both conventional as well unconventional approaches.  
 
For pro-poor land management, an appropriate SDI might have the following characteristics 
 
– Be an open and inclusive model incorporating both formal as well as informal land 
management tools; 
– Be affordable by grass-root citizens and low maintenance and access costs; 
– Be transparent and  user friendly; 
– Supply evidence of informal rights such as (occupation rights, adverse possession, 
tenancy, use rights, customary rights and indigenous rights)  which is  supported 
by an appropriate regulatory framework; 
– Integrate the information systems of a number of very diverse institutions; 
– Accommodate a range of identifier and spatial units; 
– Deal with the upgrading, and incorporation of diverse information system over 
time; and 
– Use local knowledge and resources. 
 
The main motivation for developing a new SDI model is to improve the access, use and 
sharing of spatial information for the purpose of improving land management and decision 
making. In the case of pro-poor land management either there is no information or it is non-
formal.  In the absence of good spatial information regarding informal settlements the 
challenges of managing and resolving the economic, social and environmental problems that 
go hand in hand with these settlements cannot begin. Although the formalisation and 
regularisation of settlements may not be a solution for all situations, it does provide a 
mechanism for building community support and advancing the rights of the very poor.  
 
SDIs models have been developing continuously over the past 20 years.  The early approaches 
of SDI development were primarily focussed on creating the institutional and policy 
frameworks to coordinate the sharing, exchange, education and standards for spatial 
information.  As our understanding of SDI has matured there has been a shift from a product 
based approach which had dominated traditional national mapping agencies to a more 
integrated process approach.  This approach also included a greater understanding of the 
various custodians and users of the final spatial data products.  In more recent time the 
approach for SDI development is shifting progressively towards the users as key stakeholders 
in the process.  In developed countries, the role of national mapping agencies is changing 
from primary collectors to integrators and distributors of data.  At the lower jurisdictional 
levels this trend is also apparent as local and municipal governments play an increasing role in 
spatial data collection, management and distribution. 
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In the case of developing countries, it is recognised that local government are often the first 
point of contact in management the informal settlements.  Many of these local governments 
are poorly funded and lack the resources to effectively undertake mapping and land 
administration tasks.  An informal open source SDI which can be contributed to by both 
individuals and local governments may provide a platform which can facilitate improved 
planning and decision making at the local level.  This approach however also introduces a 
number of issues which relate to the accuracy, format of data, custodianship, liability and 
reliability.   However, if managed in conjunction with local government and the community, 
this informal SDI may provide the basis for a gradual transition to more formal land 
administration and management for the poor. 
 
6.  CONCLUSION 
 
Pro-poor land management is promoted by UN-HABITAT. A reliable and inclusive 
information infrastructure which includes pro-poor policy is necessary to recognise and 
support informal rights such as occupancy, adverse possession, tenancy, use rights, customary 
rights and indigenous rights tenure for pro-poor land management. The case study results 
have shown that conventional cadastral based information system design approaches and 
government managed institutional arrangements do not appropriately address land 
management issues in informal settlements. Various spatial identifiers are already utilised and 
there is significant potential to use open spatial data portal for planning as well as decision 
making in informal settlements.  
 
In the case of developing countries, local government are often the first point of contact in 
management the informal settlements.  It has been argued that an alternative SDI model which 
more flexible and bridges the formal and informal land management system is required for 
improved pro-poor outcomes. An informal open source SDI which can be contributed to by 
both individuals and local governments may provide a platform which can facilitate improved 
planning and decision making at the local level.  This approach however also introduces a 
number of limitations. However, if managed in conjunction with local government and the 
community, this informal SDI may provide the basis for a gradual transition to more formal 
land administration and management for the poor.  
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